CO 

cc 

c: 

Q 


PILOT  STATURE  IiV  RiijLAliQN  TO  CQCKPir  SIZE:  A  ILDDEN  FACTOE  IN 

NAVY  JET  A:RCIt\F1  ACCIDENT®* 


George 


INTRODUCTION 


by 

r.  Lodge,  Ph.D.**  3 


DDC 

DEC  ^ 

EBTSTEDITTH 

DDOIRA  B 


"The  A4D  cockpit  was  designed  around  figures 
taken  from  Wright  Air  Development  Ceuter  Tecb- 
nlca*  Report  52--321,  ANTWROPOMETRY  OF 
t‘l  V.,V  %  1  LRUOl^NEL..  .As  the  A4D  cockpit  is 
‘J»^8;p’itd  ro  ic<  rmtnoiire  the  me*  su rements  of 
the  5  9'>  percentile  fivmg  p<-r«onne',  the  dl- 

men^tofis  gsten  "i  the  95*b  perrenllle  column 
hxe  .1  e  Dnc«itnum  dimensions  with  which  the 


ptlof  c  i»n  SAleJy  fly  'he  eiTcrsP.'M) 


Cockpit  dlmenatons  of  mode’s  of  Nsvs'  a.ir<.  r.’»it  nrxrently  In  service  hnve  been 
Influenced  by  the  WADC  T'jchnic  jJ  Report  52-321  ;4;„  Other  manufacturers,  as  well 
as  Douglas,  have  had  to  depend  upon  the  anthropometric  standards  published  in  that 
report  because  they  ccnstituted  the  most  aMtborttative  measurements  applying  to 
American  airmen,  that  were  3vnjlvb)e.  However  U»  July  i960  the  Air  Crew  Equip¬ 
ment  Laboratoiy  (ACEL*  of  the  Nfiv;,I  Air  Matetlxl  Centex  issued  a  "Compilation  of 
Anthropometric  Measures  on  S.  Navy  PiIots.i  iiiised  upon  a  representative  aam- 
pllng  of  1190  Navy  pilots  from  opc^jring  8qu‘>dto«'8  *2, 3>  A  conclusion  in  the  ACEL 
Report  was  that  slgnlficjn'.  •h'fercnce*?  enisled  so  far  as  Navy  piliM  were  concenied, 
with  regard  to  some  of  fhe  more  important  dimensions  Includriig  overall  bright. 


Continuing  study  of  Medi<  ).  Otficer's  Reports  ',MOR;-j’  of  Naval  Aircraft  Acoidenta 
has  Increasingly  reinforced  ‘he  suspicion  that  pilot  stature  in  relation  to  cockpit  di¬ 
mensions  might  Ite  operating  as  a  covertly  contributing  factor  to  a  number  of  mishaps. 


Figure  1  clearly  demonstrates  the  striking  .ilfferences  in  stature  between  the  WADC 
standardization  population  and  the  Navy  pilot  population  studied  by  the  Air  Crew  Equip¬ 
ment  Latoratory.  Navy  pilots  average  more  than  an  inch  taller  than  the  members  of 
the  'standard'  population  around  whose  measurements  the  coclqplts  were  ^slgncri. 


♦Presented  at  the  Seventy-  First  Annual  Convention  of  the  American  Psychological 
Association,  Division  of  Mill  tary  Psychology,  Philndelphla,  Pa.,  4  September  1963. 


♦♦Behavioral  Sciences  Diviafon,  AeTc-Mcdicsl  Department,  U.  S.  Naval  Aviation 
Safety  Center,  Norfolk  1 1 ,  V'  i . 

CO^'^ 


^1^  p#rc©Btiie  {'''  j.  l  represents,  according  to  tiie  Dou^ae  Aircraft 
r»  tto SUUdaium  ’’with  which  the  piiot  can  safely  fir?  the  aircraft."  This  value 
12%  of  the  Navy  pllola  who  presumably,  thexofore,  cannot  safely 
etiUaire  is  but  one  of  several  critical  bodily  dimensions  involved 
t^ehibsfdi^l^ons.  Others  such  as  sitting  hei^t,  leg  let  tb,  fimctional 
etc. ,  are  beyond  the  scope  of  the  preseix  .'eport. 
fliitti^IttiMtifinieoti,  however,  all  have  si^ilficant  positive  correlations  with 
if  a  pilot  exceeds  safe  (tesiga  limits  In  one  dlmensiou,  it  is 
ie  does  so  in  a  number  of  other  dimensions  as  well.  This 
ohderseores  the  fact  that  any  cut-off  point  such  as  "95th  percentile’  can 
dUfisrinttate  a  **Bafe"  from  an  "unsafe"  man-ccxikpit  combination  only  in  terms  of  pro- 
bftbilittM.  liras  tiie  true  situation  must  be  defined  in  terms  of  a  gradient  through  which 
the  iaaii-<KKdq>tt  combination  becomes  Increasingly  inefficient  the  more  it  deviates  from 
the  ter  any  particular  tndnfdua).  The  problem  parallels  the  more  i^rsonal 

one  of  detenninlng  oim's  benl  fit  sn  a  hat,  shoes  jacket.  Moreover,  an  overly-ti^t 
fit  usually  produces  more  sensory  interferenre  'Jun  one  ’hat  is  too  loose. 


Siaee  cockpits  have  been  built  oi;  the  of  the  V/ADC  standards,  and  since  Navy 
pilots  as  a  grmQ)  considerably  exceed  these  sbindards  does  It  not  follow  that,  so  far  as 
existing  aircraft  are  concerned,  the  taller  the  pilot  the  greater  his  disadvantage?  Con¬ 
versely,  will  the  pilot  whose  twdily  dimensions  correspond  closely  with  the  design  speci- 
ftoatlaiis  of  die  cockpits  cujoy  an  advantage  when  comes  to  adapting  his  posture  and 
muscular  responses  to  Uic  aneraft.'n  operating  requirements? 


It  1®  expected  that  theBc;  coueidordtions,  if  *  illd,  will  be  reflected  in  cur  MORs  If  tbs 
latter  are  examined  with  respect  to  the  statures  of  the  pilots  concerned.  Moreover,  (a) 
eimse  high-perfortnanee  jci  aircraft  demand  more  of  a  pilot’s  capacity  for  split-second 
roapmise  ooordinailim,  than  do  tiie  slower  propeuer- driven  models,  and  (b)  since  Jet 
oftsn  axe  smaller  than  is  the  case  with  most  propeller  aircraft,  it  is  teither 
expected  that  tell  pilots  will  t>e  at  a  greater  disadvantage  in  lets  than  in  propeller  mo^ls. 

TliS  hypAhesea  which  we  shall  proceed  to  test,  thcr,  arc  the  following: 

(1)  Navy  pilots  will  show  a  greater  tendency  than  short  tmes  to  pilcet- induced 
acGictets. 

m  IMa  tendency  will  bo  more  pronounced  with  jet  than  with  propeller  driven 
olroxaft. 


Sabjocts  off  the  preaent  repioi 


is  based  concern  all  Navy  and  Marin©  pOota  in 
of  filed  wii'.g  aircraft  toving  rafehaps  IkIwgsu  1  July  1958  and  1  Novembsr  lOGl, 
ii:  ii  i'ecic-r  officially  desiderated  as  a  cc-ritrilxitlng  eaus©.  Jot  Mci&mt 

p!l''la  oao  r'-jyp  CN^80),  while  pilots  l!i??olvcd  in  lalshfips  wife  propellor- 

alfOraft  cr.niro  .i  For  present  purposes  we  ehall  cen- 

fcH  di  te.:!?©  :ri^;£api;  even  each  gvmp  insluftes  a  few  {leeo  thZD. 
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Pilot  stature  in  relation  co  oociq)it  size:  a  hidden  factor  in  Navy  jet  aircraft 
accidents.  (Abstract  of  paper  presented  at  71st  Annual  Convention  of  the 
American  Psychological  Association,  Philadelphia,  Pa. ,  4  September  1963 

A  recent  anthropometric  survey  of  U.  S.  Navy  pilots  showed  their  average 
heii^t  to  be  significantly  taller  than  that  of  the  non-Navy  population  wbo  provided 
the  measurement  standards  around  which  most  contemporary  aircraft  cockpit 
dimensions  are  based.  Taller  individuals  among  Navy  pilots,  therefore, 
probably  v/ould  have  more  difficulty  than  shorter  ones  in  operating  the  aircraft, 
and  one  would  expect  this  handici^  to  be  reflected  in  their  respective 
susceptibility  to  mishaps.  Analysis  of  680  jet  accidents  disclosed  that  pilots 
exceeding  72*’  were  disproportionately  represented  (  P<L  01 )  in  "pilot-factor” 
accidents.  Implications  for  pilot  selection  and  assignment  are  discussed. 


r  , 


lees  serious  than  'accidents. 

;  Analysis  of  the  data 

Figure  1  shows  the  height  distributions  for  both  the  jet-  and  prop-ac'^ldent  groups. 

The  curve  for  the  latter  lies,  more  or  less,  between  that  of  the  former  i^d  of  the 
ACEL  norm  group.  However,  the  prop-accident  pilots  coincide  more  cio  lely  with 
the  norm  group  throu^out  most  of  the  right-hand  side  of  the  curve,  than  oc  he  jet- 
accident  pilots. 

Tables  1  and  2  provide  the  information  necessary  for  appraising  the  significance 
of  the  differmices  shown.  The  results  imply  most  stronsdy  that  future  coqierlence  will 
confirm  the  finding  that  jet-accident  pilots  tend  to  be  taller  as  a  group  than  other  pilots. 
The  prop-accident  group  ts  shorter  than  the  jet-accidon?  group  and  tadler  than  the  norm 
group  as  predicted,  although  the  differences  here  are  non- substantial. 

If  we  divide  the  range  of  stature  Into  three  parts  correspondlag  to  ''short,"  "medium" 
and  "tali'  individuals,  further  analysis  becomes  simplified.  Choice  of  cutting  points  la 
necessarily  an  arbitrary  matter,  but,  uhen  within  reasonable  limits,  doss  nirt  appre¬ 
ciably  influence  the  overall  results.  Therefore,  Intervals  have  been  aelsoted  as  shown 
in  Table  3,  so  as  approximately  to  place  the  middle  half  of  all  the  acoidmt  pilots  within 
the  span  between  69.0  and  72.0  inches. 

I 

A  chi  square  test  based  on  the  material  in  Table  3  conqMls  rejection  of  the  null  hypo¬ 
thesis  that  "jet-accident  pilots  do  not  differ  from  the  norm  with  req)eot  to  stature"  (P<.01). 
A  corresponding  test  of  the  prop-accident  group  In  relation  to  the  norm  does  not  yield 
appreciable  differences.  The  proportion  of  jet-accident  pilots  exoeedliig  72  Inohea,  and 
the  proportion  under  69  Inches,  differ  respectively  from  their  norm  group  counterparts 
in  the  predicted  directions  with  statistical  significance  as  indicated  by  aateriaks.  While 
the  ratios  set  forth  in  Table  3  are,  by  their  nature,  less  stable  than  the  other  values 
shown,  the  results  point  unmistakably  to  a  concluslmi  that  a  tall  jet  pilot  has  highly  un¬ 
favorable  gambling  odds  by  comparison  with  those  of  short  or  medium  stature. 

The  material  thus  far  presented  has  been  obtained  by  combining  data  r^Ating  to  all 
types  of  jet  or  prc^ller- driven  aircraft.  To  what  extent  do  these  generalisationa  hold 
if  iqqplied  to  pilots  of  particular  models?  While  some  differences,  obvtously,  are  to  be 
expected  between  models.  Figure  2  indicates  that  a  good  deal  of  similarity  and  oonaie- 
tency  prevails  in  the  patterning,  even  though  the  niunbera  involved  in  each  individual 
instance  are  relatively  small.  Figure  2  chows  the  models  most  ImavUy  represented, 
from  the  stanthwint  of  gross  numbers,  in  the  present  group.  (Twoity  six  other  models, 
not  shown  here,  had  one  or  more  mishaps  entering  into  the  overall  calculations,  but 
there  were  too  few  of  each  to  justify  inclusion  here. )  For  each  model  muned  in  Figure 
2  is  also  shown  the  proportion,  in  each  of  the  three  stature  cates^rles,  of  pilots  causing 
or  contributing  to  the  mishaps  under  study.  The  dotted  horiaontal  lines  Incttcate  ihe  pro- 
por^l^  teller  than  72. 0  inches  or  shorter  than  69. 0  inches,  to  be  expected  on  the  basis 
of  the  ACEL  survey.  It  will  be  observed  that  seven  of  the  eight  jet  nmdels  repr^mit^ 
is  the  figure  oupiK>rt  the  hypothesis  that  tall  pilots  are  more  prone  titen  slmrt  ernes  to 
pilot  in<hiced  acciebnts:  the  F-3  (Fffll)  constituting  the  single  exc^tiim.  It  is  to  be 
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infttrvtd*  titorefon,  that  the  dlmenelone  of  the  latter's  cockpit  are  more  compatible 
with  tiofe  of  the  Navy  pilot  p<^>ulation  than  is  the  case  with  the  other  Jet  models  listed. 

The  ooroUaxy  Iqrpothesis,  that  short  pilots  enjoy  an  advantage  in  the  operation  of  these 
aircraft  is  siqiported  in  the  records  of  all  seven  of  the  sin^e-seat  Jots.  In  the  case  of 
the  F-6  (F4D)  tills  advantage  Is  especially  Impressive.  In  contrast,  however,  it  must 
be  noted  that  short  pilots  appear  at  a  relative  disadvantage  in  the  A-1  (.  x>). 

Discussion 

It  is  E^a  contoitlon  of  this  report  that  a  pilot's  stature  In  Itself  produces  accidents. 
The  real  point  at  issue  Is  the  fact  that  the  cockpit  dimensions  of  existing  Navy  aircraft 
simply  do  not  match  the  bodily  dimensions  of  a  large  proportion  of  the  Navy  pilot  popu¬ 
lation.  if  the  AGEL  hol^t  distribution  is  representative  of  the  Navy's  Jet  pilots,  the 
conolttsion  is  unavoidable  that  tall  pilots  have  an  accident  rate  significantly  worse  than 
that  to  be  expected  if  height  were  not  a  c<mtributory  factor.  Correspondingly,  short 
pilots  have  a  slgnlfloantly  more  favorable  rate.  If  the  ACEL  data  are  not  representative 
of  the  Jet  pilots,  there  can  only  be  two  other  pcsslbiliUes. 

(a)  The  ACEL  results  understate  the  proportion  of  tall  pilots.  In  this  case  our  ftgures 
do  toem  an  injustice.  On  the  other  hand,  this  would  mean  that  existing  cockpits,  based 
on  WAOC  standards,  are  even  more  Inappropriate  for  the  majority  of  Navy  pilots  than 
baa  been  indicated  in  Figure  1. 

(b)  The  ACEL  resultu  overstate  the  proportion  of  tall  pilots.  If  this  should  be  the  case, 
then  toe  present  findingH  are  uadercstimations,  and  the  situation  is  even  more  serious  than 
the  present  figures  show. 

Appreciable  savings  in  terms  of  combat  readiness,  lives  and  equipment  hinge  upon 
recognition  of  the  Importance  of  antli  L-opometric  components  in  weapons  systems.  For 
instance,  during  the  40  months  covered  by  this  report  .  Jet  pilots  exceeding  72  inches 
accumubited  37  accidents  (or  5-1/2  percent)  more  than  normal  expectancy.  On  the 
annual  basis,  these  figures  would  represent  more  than  11  accidents  having  a  total  cost 
over  $7  million  and  involving  two  or  more  fatalities. 

Since  accident  rates  nro,  in  effect,  an  Index  of  the  operating  efficiency  of  a  man- 
machine  system,  it  appears  probable  that  tall  pilots  are  handicapped  in  a  number  of 
less  spectacular  ways  by  the  cockpits  of  many  contemporaiy  aircraft.  It  should  be  of 
inters,  for  example,  to  examine  the  influence  of  stature  upon  performance  in  various 
activities  demanding  precise  sensorl- motor  coordinations:  acrobatics,  gunnery,  bombing, 
inflict  refiieling,  etc. ,  for  various  types  of  cockpits.  Further,  it  would  not  be  sur¬ 
prising  to  discover  that  such  problems  as  fatigue  and  vertigo  are  aggravated  by  the 
l>ostii?ml  stresses  imposed  by  wcx^poces  that  arc  too  cranqied. 

Tbs  toregeing  observations  sharply  psint  up  several  practical  st^js  tbot  must  bo 
to  rodi^o  tho  number  of  accidents  associated  with  dimensional  incompatibility 
betwe^  man  and  cockpit: 
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(1)  Cockpits  must  be  constructed  to  accommodate  the  iim^nslona  of  tiie  indlTldoals 
who  are  to  occupy  them.  Many  of  the  accidents  here  classed  as  ”pilot-factor**  zoight, 
just  as  accurately,  have  be*  n  attributed  to  '’design  factor.'* 

(2)  Initial  selection  of  pilots  must  take  account  of  the  relatlooship  stature 

and  the  efficient  operation  of  existing  aircraft  and  those  contemplated  for  .  hiture. 

(3)  A  pilot's  physical  measurements  must  be  consider^  in  determining  his  dity 
assignment.  Some  aircraft,  more  than  others,  penalize  height  devtations  ~  whether 
too  tall  or  too  short.  ‘See  Figure  2.> 

The  question  may  weh  bo  r  sisod  as  to  why,  if  the  facts  are  really  as  patent  as  here 
set  forth,  that  the  problem  W49  noi  recognized  long  ago  and  steps  taken  for  its  correction. 
The  answer  doubtless  lies  in  the  r.  ’t  *hat  It  Is  extremely  difficult  to  dlatingttlah  the 
significance  of  variables  of  his  nature  in  studying  sny  individual  aooidsnt.  One  cannot 
see  the  woods  because  of  ‘he  trees.  Only  after  a  synoptic  view  has  been  achlerad,  as 
from  the  Naval  Aviation  Safetj  Center’s  records,  are  such  fhetora  readily  identified  ~ 
obvious  though  they  may  awioar  b'  retrospect. 

Summary  and  Conclusifni 

An  earlier  study  (ACKl  hns  shown  that  Navy  pilots  are  taller  tfarougboitt  the  per¬ 
centile  range  than  the  WAlxl  s  "r.ying  personnel”  lahoae  anthropometric  measurements 
constituted  the  standards  ufwn  which  coDtemp<'riry  aircraft  cockpit  dimenaioas  have 
been  based.  The  Navy  s  t  d'.  .  idlofs,  therefore,  would  be  expected  to  find  more  diffi- 
culty  than  the  shorter  in  making  appropriate  responses  while  operating  the  air¬ 

craft.  It  seemed  likely  thal  ihis  slb/aHon  would  be  reflected  In  the  'pilot  hactor'  acci¬ 
dent  frequencies.  Two  hypotheses  were  formulated  fa)  Tall  pilots  will  show  a 
greater  tendency  to  pilot-induced  accidents  than  short  ones,  and  (b)  this  will  be  more 
pronounced  with  jet  than  with  propeller-driven  aircraft.  Recorda  of  680  Jet  and  424 
propeller  aircraft  accidents,  all  Involvin)^  a  pilot  factor,  were  reviewed.  Hypothesis 
(a)  was  amply  confirmed  (P-'.  01)  in  the  case  of  jet  pilots,  of  whom  those  exceeding  72 
inches  accounted  for  sigiiltieaiiiiy  mure  than  their  expected  share  of  acoldenta.  Prop- 
accident  pilots  showed  a  tendency  in  the  predicted  direction  but  wifii  results  Calling 
short  of  statistical  significance.  Thus  hypothesis  (b)  Is  also  supported,  although  less 
conclusively.  Some  Implications  of  these  findings  are  mentioned  with  refenmoe  to 
cockpit  design,  operational  eflicloncy,  the  selection  and  assignment  of  pilots,  and  the 
problem  of  accident  reduction. 
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TABLE  1 


Means,  standard  deviations  and  standard  eirors  of  the  means  (in  inches)  of  the  hei^t 
distributions  of  WADC  and  ACEL  norm  groups  and  of  two  groups  of  Navy  accident  pilots. 


N 

X 

8.D. 

Air  Force  Norm  Group  (WADC) 

4062 

69.11 

2.44 

.04 

Navy  Norm  Group  (ACEL) 

1190 

70.29 

2.28 

.07 

Prop.  Acdt.  Group 

424 

70.39 

2.29 

.11 

Jet  Acdt  Group 

680 

70.59 

2.23 

.09 

TABLE  2 


Differsnoes  between  mean  statures,  standard  errors  of  the  dlfferenoes,  critical  ratios, 
and  probabilities  of  true  differences  between  the  ACEL  Navy  norm  groiq>  and  the  two 


groupa  of  aooldont  plloU. 

Dlff, 

Sigma 

Dlff. 

C.R. 

P 

Navy  Norm  Oroiq>  -  Jet  Acdt  Group 

.30 

.11 

2.67 

<.01 

Navy  Norm  Group  -  Prop  Acdt  Group 

.10 

.13 

0,76 

Not  eipiifi- 
oaat 

Jet  Acdt.  Group  *  Prop  Acdt.  Group 

20 

.17 

1.20 

N<A  eignifl- 
oant 

TAULE  3 
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